. Evaluation of conservation and trade status of marine ornamental fish harvested from Pangandaran Coastal Waters, West Java,. Pangandaran coastal waters are among the main supply areas of marine ornamental fish in Indonesia. However, no scientific data are available on the conservation and trade status of marine ornamental fish harvested in this region. This study aimed to evaluate the diversity, conservation, and trade status of marine ornamental fish species harvested from Pangandaran coastal waters. Fish were collected during surveys conducted in March, April, July, and September 2019. Species were identified by referring to the available guidance books. The conservation status was analyzed according to the IUCN database, whereas the trade status was evaluated based on the CITES database. A total of 107 marine ornamental fish species from 32 families and eight orders was obtained. The two out of these 107 species had an unresolved conservation status, whereas 24 species were listed as Not Evaluated, 80 species were listed as Least Concern, and one species was listed as Vulnerable by IUCN. Two species had an unknown trade status, whereas 104 species were listed as Not Evaluated and one species was listed in Appendix II of CITES. Our data prove that Pangandaran coastal waters have a high potential for supplying marine ornamental fish, with most of the species listed as having a Not Evaluated or Least Concern status. Most of the species identified were also categorized as having a Not Evaluated trade status.
INTRODUCTION
Pangandaran District in the West Java Province of Indonesia directly faces the Indian Ocean as its southern border. It has approximately 91 km of coastline and an area of 67,340 km 2 (Central Bureau of Statistics 2018). Pangandaran has a high potential as a marine fishery (Firmansyah et al. 2018) . The marine fish capture levels in Pangandaran District were 10,872,929.54 tons in 2016. This production capacity only includes a calculation of fish and shrimp destined for consumption; e.g., various shrimp species, lobster, red snapper, white snapper, groupers, white snapper, various shark species, black pomfret, white pomfret, various mackerel species, and other fish species. There are however no specific records available on the total yearly catch of marine ornamental fish from Pangandaran coastal waters (Central Bureau of Statistics 2018).
Marine ornamental fish have become a popular commodity as the decorative animal industry has increased worldwide (Wabnitz et al. 2003) . In Indonesia, the export of marine ornamental fish started in the 1970s (Wood 2001) . At the present time, after the Philippines, Indonesia is a major contributor to this trade (Shuman et al. 2004; Nijman 2010 ) and in fact, supplies a greater number of species than the Philippines (Rhyne et al. 2012a; 2012b) . Nevertheless, the marine ornamental fish trade in Indonesia is mostly supported by natural collection (Nijman 2010) . It is widely understood that the marine aquarium trade harms the ecosystem (Tlusty 2002) because the collection of target species mostly relies on the use of poisonous chemicals to keep the fish alive (Halim 2002; Rubec et al. 2001 ). Furthermore, the controversial use of destructive fishing methods raises a concern about the sustainable use of these wildlife resources due to over-fishing (Ziemann 2001) , especially for rare and endemic species (Gertzen et al. 2008; Jones et al. 2008; Lunn and Moreau 2004) .
It is feared that the fish poisoning method is also used to harvest marine ornamental fish from Pangandaran coastal waters thereby threatening the target species. This is because the use of poisons during the capture of marine ornamental fish is a common practice across Indonesia (Pet-Soede and Erdman 1998) . Nevertheless, no current data are available on the diversity of marine ornamental fish harvested from Pangandaran coastal waters. The only available data related to the marine ornamental species on the southern coast of West Java comes from a report in 1988, which reported a total of 98 fish species (Prahoro and Adrim 1988) . However, detailed information on which species were harvested as ornamental species within that report was not described. Other reports from Mayunar (1996) stated that 55 fish species were sold in the international aquarium trade, while Fujita et al. (2013) stated that 21 fish species from Indonesia were sold in the international aquarium trade. The most recent report from Wahyudin (2011) only focused on marine ornamental fish from the southern coast of Sukabumi District, but only at the family level. These data might lead to an underestimate of fish diversity and the nature of marine ornamental fish diversity on the southern coast of West Java or even from the Pangandaran Region. It is well-known that Indonesian waters have a high fish diversity and account for a total of 47777 fish species that inhabit freshwater, brackish, and marine waters (Froese and Pauly 2019) .
None of these earlier studies addressed the conservation and trade status of marine ornamental fish harvested from Pangandaran coastal waters. Data describing the species diversity, conservation, and trade status of marine ornamental fish harvested from this region are therefore essential for the sustainable management of these resources. The present study aimed to evaluate the diversity, conservation, and trade status of marine ornamental fish harvested from Pangandaran coastal waters.
MATERIALS AND METHODS

Study area and time
The present study used a survey method with incidental sampling. Fish samples were collected in Bojongsalawe Village, Sub-district of Parigi on the Pangandaran District, West Java, Indonesia (Figure 1 ). Fish samples were collected six times in March, April, July, and September 2019. Therefore, the data is available for both of the monsoon seasons (east and west monsoons).
Sample collection and preservation
Ornamental fish specimens were bought from the first middleman who collected the ornamental fish directly from the fishermen. The first middleman in Bojongsalawe Village was chosen because he continuously collects and sells ornamental fish from Pangandaran coastal waters on a middle scale. The fish samples were photographed using an 8-megapixel camera. Direct photography was performed in order to obtain the original color and color pattern data since both data are crucial diagnostic characteristics used for species identification in marine ornamental fish. All fish samples were preserved in ethanol 70%.
Identification
Species identity was determined based on color, color pattern, and the meristic characteristics of each fish sample and compared to the description of each species in Allen and Erdmann (2012) . In the case of juvenile samples, where no picture was available in Allen and Erdmann (2012) , identification process was performed using Fish Base database and this data was also used to verify the identification of all species (Froese and Pauly 2019) . The geographic distribution of the species was also checked in the distribution maps as available in www.aquamaps.org (version of Aug. 2016. Web accessed on 26 May 2019).
Data analysis
The data on species diversity was analyzed mathematically as species richness, which refers to the total number of species collected and traded during the study. Data on the number of species are presented in a table; data on the family level are presented in a bar chart, while data on the order level are presented as a pie chart. The conservation status of each species was determined according to the International Union for Conservation of Nature (IUCN) through the IUCN's website. The IUCN categorize organisms as Not Evaluated (NE), Data Deficient (DD), Least Concern (LC), Near Threatened (NT), Vulnerable (VU), Endangered (EN), Critically Endangered (CR), Extinct in the Wild (EW), and Extinct (E) (https: //www.iucn.org/resources/conservationtools/iucn-red-list-threatened-species). The trade status of each fish was also analyzed online using the Convention on International Trade in Endangered Species (CITES) webpage. The trade status at the local market level was obtained from an in-depth interview with the first middlemen. 
RESULTS AND DISCUSSION
Species diversity
A total of 332 individual fish that were collected and traded as ornamental species were obtained during this study and the samples were placed into 107 fish species from 32 families and eight orders. The list of species, families and orders is shown in Table 1 . The number of species obtained indicated that there was a high degree of species variability in the marine ornamental fish harvested from Pangandaran coastal waters. At the same time, our data proved that the southern coast of Pangandaran offers a high potential as a marine ornamental fish resource that could support the livelihood of communities in the region.
No data are available describing marine ornamental fish diversity with particular reference to a specific locality in Indonesia. Only two data types are available for marine ornamental fish in Indonesia. The first data that is available describes import to the United States of America (USA) (Rhyne et al. 2012a ), which accounted for 997 ornamental fish species imported from Indonesia. The other data describe ornamental fish species targeted for export from Indonesia, e.g., 21 species (Fujita et al. 2013) or 55 species (Mayunar 1996) . Therefore, we could not make a comparison of marine ornamental fish diversity according to locality per se. Comparison to an older previous study from Raksodihardjo-Lilley and Lilley (2007) showed that the marine ornamental fish species targeted by fishermen in Pangandaran coastal waters are much more variable than those targeted by fishermen in Bali. Marine ornamental fish diversity as observed in this study was also higher than that reported in the study from Fujita et al. (2013) which counted only 21 species targeted for the aquarium trade, while in this study we found that a total of 107 fish species were harvested and traded in the aquarium market from Pangandaran coastal waters. A possible reason for this difference is that Reksodihardjo-Liley and Liley (2007) and Fujita et al. (2013) only counted the top fish species for international trade. However, the ornamental fish harvest and trade on the southern coast of Pangandaran are conducted to fulfill local, national, and international market demands. Therefore, this study obtained a higher number of species than those in the Reksodihardjo-Liley and Liley (2007) and Fujita et al. (2013) studies.
In contrast, the total number of species that were observed during this study was much lower than the number of species reported by Rhyne et al. (2012a) for import to the USA. The total number of species in this study accounted for approximately 10.73% (107/997) of the total species imported to the USA in 2005. The large difference between this study and the study by Rhyne et al. (2012a) could be due to the difference in study coverage. In this study, we collected a sample from a narrow area in Pangandaran coastal waters, while Rhyne et al. (2012a) reported data from all over Indonesia and over several years. Pangandaran represents only 0.11% of the total Indonesian coastline (91km/80,000km). It is important to note that the Pangandaran coastline harbors about 10.73% of the total marine ornamental fish species imported to the USA from Indonesia. Therefore, a total of 107 ornamental fish is a considerably large number for such a narrow area as the Pangandaran coastal waters.
As discussed previously, no study has had a special emphasis on marine ornamental fish harvested from a particular location in Indonesia. The lack of other local data, therefore, makes a site by site comparison difficult. A site by site comparison is only possible with other studies about the fish communities conducted in several localities. In these comparisons, we found variable results. We found that in this study we obtained a higher number of fish species than that reported by Hastuty et al. (2014) in Weh Island, Aceh; Yusuf (2013) in Karimunjawa National Park, Java Sea; and Fadli et al. (2018) in Ulee Lheue breakwater, Banda Aceh. The present study obtained even greater fish diversity than reported by Fadli et al. (2012) , although they sampled all types of coral fish (ornamental and nonornamental species). In the second comparison, we obtained a lower number of fish species than in the study from Sahetapy et al. (2018) in Tuhaha Bay, Saparua Island, Maluku Province; Madduppa et al. (2013) in Thousand Islands, Java Sea; Jakarta; and Unsworth et al. (2007) in Wakatobi Marine National Park, Southeast Sulawesi.
The higher species numbers obtained in this study compared to the study from Hastuty et al. (2014) , Yusuf (2013) and Fadli et al. (2018) indicate that Pangandaran has a high potential for supplying marine ornamental fish species and provides additional support for it to be able to fulfill the livelihood needs of the community in this district. The differences between our study and those of the previous studies from Sahetapy et al. (2018) , Madduppa et al. (2013) , and Unsworth et al. (2007) could be due to the different focus of our study. This study only focused on marine ornamental fish that are collected from the Pangandaran coastline and traded in the aquarium trade, and so might not cover all ornamental species, whereas these three previous studies collected all marine species in their natural habitat. Therefore it is reasonable that we obtained a lower number of species than Sahetapy et al. (2018) , Madduppa et al. (2013) , and Unsworth et al. (2007) . Nevertheless, our data are valuable for the management of marine resources on the southern coast of Pangandaran, with a special emphasis on ornamental fish. This is because the marine ornamental fish trade has different characteristics compared to the consumable fish trade. Addressing the management of marine ornamental fisheries requires scientific data that address species diversity, conservation, and trade status of the species harvested in Pangandaran coastal waters, which is vital as a scientific basis for the sustainable management of the marine ornamental trade in Pangandaran District.
At the family level, Pomacentridae was the most abundant family with 18 species, followed by Chaetodontidae with 12 species and Acanthuridae and Labridae, with 11 species each. The remaining families had ranged from 1-7 species. The detailed data on species numbers for each family are presented in Figure 2 . 
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Pomacentridae is among the abundant families in Perciformes, with more than 340 species from 29 genera (Jang-Liaw et al. 2002) . Members of this family are widely distributed across tropical coral reef ecosystems around the world. A total of 165 Pomacentridae species have been described in Indonesia's marine waters (Froese and Pauly 2019) . Therefore, our finding of 18 ornamental species from Pomacentridae on the south coast of Pangandaran strengthens the general acceptance of the abundance of Pomacentridae in terms of the total number of species in this family. A large number of Pomacentridae species are widespread in several Indonesian localities, as has been reported in earlier studies (Sahetapy et al. 2018; Rondonuwu et al. 2013; Sugianti and Mujianto 2013) .
Chaetodontidae is also a family with a large number of species and is well known as an ornamental species. According to Allen and Erdmann (2012) , members of this family have bright beautiful colors and color patterns. Therefore, it is reasonable that we obtained a large number of Chaetodontidae during our survey. The high taxonomic diversity of Chaetodontidae was also observed by Madduppa et al. (2013) , who studied the coral reef fish community in Thousand Islands, Jakarta. The similarity between our study and the study from Maddupa et al. (2013) proves that Chaetodontidae is a large family in Perciformes, and many Chaetodontidae species are wellknown as ornamental species. According to Froese and Pauly (2019) , marine Chaetodontidae in Indonesia consists of a total of 65 species. Our results, therefore, strengthen the available data describing the high species diversity of Chaetodontidae.
Labridae are an even more abundant family in Perciformes, with more than 500 species from 60 genera (Mikami 2013) , with approximately 196 of these species being described in Indonesia (Froese and Pauly 2019) . Here, we obtained a lower number of Labridae species compared to the total number of species that have been described in Indonesia and a lower number than reported by Madduppa et al. (2013) . There are at least two possible reasons for this difference. Firstly, our study only focused on marine ornamental fish species, whereas Froese and Pauly (2019) listed all members of Labridae including both non-ornamental and ornamental species. Madduppa et al. (2013) also made surveyed both ornamental and nonornamental Labridae. Secondly, we only sampled ornamental fish from the southern coast of Pangandaran, whereas Froese and Pauly (2019) recorded Labridae species from all over Indonesia. Madduppa et al. (2013) collected Labridae species from more extensive areas in Thousands Islands with more variable habitats. Therefore, for these reasons, we consider the 11 species we obtained in this study to be sufficiently abundant compared to the other families we found.
Acanthuridae is not as abundant as Chaetodontidae, Labridae, or Pomacentridae. A total of 83 Acanthuridae species have been described from around the world divided into six genera (Bernal and Rocha 2011; Randall et al. 2011) . A total of 51 marine Acanthuridae species have been identified in Indonesia (Froese and Pauly 2019) . Here, we found a lower number of Acanthuridae species than those recorded by Froese and Pauly (2019) . The reasons for this difference are similar to those described above for Labridae. However, it should be noted that our number of Labridae was higher than that reported by Madduppa et al. (2013) . This difference could be due to the fact that we used different sampling methods. In our study, we collected samples directly from collectors, whereas Madduppa et al. (2013) performed a visual census only, meaning that there is a high likelihood that many fish could be easily missed due to their fast movement, and also perhaps because they were outside the research quadrant.
In general, our results were lower than the number of species described for marine fish species in the world or even from Indonesia. However, since we sampled only marine ornamental fish from a narrower geographic coverage than in previous publications (Bernal and Rocha 2011; Randall et al. 2011; Madduppa et al. 2013; Mikami, 2013; Froese and Pauly 2019) , our result provide valuable data for the management of marine ornamental fish resources in Pangandaran Region that is not provided by these previous studies.
Perciformes is a dominant order with 22 families followed by Tetraodontiformes, which has four families. The remaining six orders have one family each. Data showing the total number of families per order are summarized in the pie chart in Figure 3 . Our discovery strengthens the general acceptance that Perciformes are the main constituent of Indonesia's marine fish communities. So far, 82 fish families of Perciformes have been identified to inhabit Indonesian waters. At the species level, Perciformes contributes 62% of the total of Indonesia's marine fish species (Froese and Pauly 2019) . Our finding is similar to what was reported by Unsworth et al. (2007) and Madduppa et al. (2013) . Moreover, our result provides additional data to strengthen the fact that Perciformes are dominant over other fish orders. 
Conservation and trade status
The conservation status of each fish species is shown in Table 1 , and the total number of species by conservation status is shown in The current conservation status of the fish species obtained during the study, as shown in Figure 4 , implies that harvesting and trading of almost species are a legal business, except for Hippocampus kuda, which listed as a Vulnerable species by the IUCN. However, if we restrict our reference to the Ministerial decree of the Republic of Indonesia No 106/ 2018 and No 20/2018 , all species can be harvested and traded legally without any prerequisites, including H. kuda. However, since the extraction of wildlife resources is occurring daily and hundreds of fishers are involved, and is well-known to occur across Indonesia (Reksodiharjo-Liley and Liley 2007; Halim 2002) , the sustainability of marine ornamental fisheries in Pangandaran coastal waters is an important issue and needs to be controlled. This is because there is a possibility that fishing and natural mortalities rates of marine ornamental fish species in Pangandaran coastal waters might outstrip the ability to replenish. This situation is exacerbated by the utilization of destructive fishing practices by fishers when collecting their target species, such as the use of poisonous chemicals and the destruction of the coral habitat when the target specimens are hiding behind the coral. These fishing methods are widely accepted as being harmful and have an adverse impact not only on the target species but also on other species or even to the whole ecosystem (Pet-Soede and Erdmann 1998) and might cause overfishing (Sadovy and Vincent 2002) . The situation may worsen if there is no monitoring and supervision from the government. Therefore, government intervention and enforcement are needed to ensure the sustainable use of marine ornamental fish in the southern coastal region of Pangandaran District.
The international trade status of the marine ornamental fish species obtained during our study in the Pangandaran District is shown in Table 1 , and the total number of species for each trade status as provided by Convention on International Trade in Endangered Species (CITES) is summarized in Figure 5 .
It can be seen from Figure 5 that most of the marine ornamental species that are harvested and traded in Pangandaran coastal waters are categorized as having a Not Evaluated trade status by CITES (https: //www.cites.org/eng/app/appendices.php). One species, i.e., Hippocampus kuda, is categorized in Appendix II (https: //www.cites.org/eng/app/appendices.php). Two species (Aspidonotus sp. and Gymnothorax sp.) have an unknown trade status. This is because we were unable to identify these specimens at the species level and accordingly we could not define their trade status based on the CITES Appendix. This means that almost all of the species can be legally sold in international trade without any restriction and or prerequisites, except H. kuda.
The collection and trade in the species observed in this study is ongoing continuously in the Pangandaran coastal waters. Therefore, monitoring of the marine ornamental fish harvest and trade in Pangandaran coastal waters is needed to ensure sustainable fishing of these resources in the future. Monitoring is crucial for species with a high price (150,000 IDR per individual), such as Paracanthurus hepaticus and Uropterygius polyspilus. Monitoring of the ornamental fish trade is easy because the ornamental fish trade in Pangandaran District follows a general flow consisting of fishermen-first middleman-supplier-exporter. This market flow has been described by Reksodihardjo-Liley and Liley (2007) and recently confirmed by Rhyne et al. (2012a) and Fujita et al. (2013) .
Target species obtained by collectors on the south coast of Pangandaran (Table 1) are different from the target species collected in Bali (Reksodihardjo-Lilley and Lilley 2007) . This means that the south coast of Pangandaran offers different resources of marine ornamental fish and provides enrichment in the ornamental fish species trade. The most important finding is that the southern coast of Pangandaran is unique from other regions, and might become iconic in the aquarium trade. During this study, some species of marine ornamental fish harvested from the southern coast of Pangandaran were shipped to fill the market demand in Bali, which could not be fulfilled by local fishermen in Bali (personal interview with collectors). Since no recent data are available from Bali, whether different target species in Pangandaran and Bali as described by Reksodihardjo-Lilley and Lilley (2007) is still occurring or not, continuous monitoring across Indonesia is a vital effort to ensure sustainable fishing of marine ornamental fish in Indonesia.
Special attention must be paid to Hippocampus kuda. That species is not protected under Indonesian law (Ministerial decree the Republic of Indonesia No 106/ 2018), but it is listed as a Vulnerable species (Aylesworth 2014) and is placed in Appendix II of the CITES red list data book. However, fishing of this species is still occurring in Pangandaran coastal waters. Therefore, the trade of H. kuda must be vigorously monitored. Vigorous law enforcement and the placement of H. kuda on a ministerial decree for the protection of flora and fauna are also urgently needed.
In conclusion, the southern coastal region of Pangandaran has a high potential as a marine ornamental fish resource. Pomacentridae is the family with the highest number of ornamental species traded in Pangandaran District. Two species are categorized as having an unknown conservation status, whereas 24 and 80 species are categorized as having a conservation status of not evaluated and least concern, respectively. In contrast, 2 and 104 species are categorized as having a trade status of unknown and not evaluated, respectively. Hippocampus kuda was the only species with vulnerable conservation status and is listed in appendix II of CITES.
